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Introduction
The purpose of this review is to highlight concerns regard-
ing the consequences of mild traumatic brain injury (MBTI) 
(concussion) in the contact sports, including boxing, soccer, 
American football and rugby. Acute and chronic effects of 
concussion are discussed against a background of litera-
ture that sheds light on the incidence of concussion in these 
sports. Attention is drawn to individual implications, which in 
turn have societal ramifications in need of being acknowl-
edged and researched. A way forward is proposed, including 
recommendations that apply specifically to the South African 
context. 
Increasing participation in contact sports
The popularity of the traditionally male-dominated contact 
sports is growing,4 and of note is the increasing number of 
women who are participating in these sports.6 A media report 
suggests that in the early years of this decade more than 
2 000 women were already playing rugby football, and three 
women’s Rugby Football Union World Cups had taken place 
involving 12 countries.5 In South Africa an official launch 
tournament was held in 2001 to promote Rugby Union for 
women,5 which is the rugby code followed in this country, as 
well as extensively in New Zealand, Australia and Britain. At 
around the same time in South Africa, legislation was drafted 
permitting women to participate in boxing,42 a move that fol-
lows a worldwide trend.  In the past decade there has also 
been an active drive to extend sporting facilities to previously 
disadvantaged or racially precluded groups in South Africa. 
Together these factors mean that there are significantly in-
creasing numbers of individuals participating in contact sport 
in this country, including both males and females, and indi-
viduals of all races from high to low socio-economic status. 
Accordingly, it appears important to evaluate the overall im-
pact of exposure to head injury in these sports.
Incidence of head injury in contact sport 
Incidence studies confirm that concussion is a common fea-
ture characterising the contact sports. Whilst it is self-evident 
that boxing is associated with repeated head insults, the de-
gree to which this is an aspect of the field contact sports of 
football, soccer and rugby needs to be more fully acknowl-
edged. Research on the incidence of concussion among 
American university-level football and soccer players during 
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a single season reported figures of 34% and 46%, respec-
tively.11 Of these, 100% of the football players and 75% of 
the soccer players had suffered more than one concussion in 
the season. Due to the tackling manoeuvre in Rugby Union 
the rate of serious injuries in this sport is the highest among 
the rugby football sports; in particular there is a substan-
tially higher rate of injury to the upper extremities, including 
the head and neck areas.44 The World Health Organization 
(WHO) task force review revealed a higher rate of concus-
sion for Rugby Union than Rugby League, American football 
and soccer, being up to 8.0 per 1 000 game hours, compared 
with an upper limit of 3.0, 3.3 and 1.3 per 1 000 game hours 
respectively for the others.8 Studies on the contact sports 
in respect of gender generally indicate that females sustain 
around 50% fewer concussions than males.8  
With specific reference to rugby, a New Zealand study49 
found that Rugby Union accounted for the highest rate of 
sports-related brain injury, with 30% of players reporting 
at least one concussion in a season of club rugby. In a 
South African study35 concussion was reported to be the 
most prevalent injury in one season of high school Rugby 
Union making up 22% of all injuries, and another study45 
documented a lifetime incidence of 2.3 concussions (range 0 
- 7) per top team rugby-playing schoolboy.  In each of these 
three studies, the researchers considered the figures to be 
an underestimate of the true concussion incidence in Rugby 
Union, due to athletes’ common tendency to underreport, 
and the retrospective nature of the research.  Finally, it would 
appear that injuries in Rugby Union at the professional level 
have been on the increase, and despite rule changes (New 
Zealand, Australia and Britain in the 1980s, and South Africa 
in 1990), this trend has shown no sign of abating.23 
Moreover, in addition to the number of formally reported 
concussions, it is suggested that athletes are likely to sustain 
multiple subconcussive insults due to player-to-player and 
player-to-ground collisions over long periods of exposure 
to these sports, that are likely to have cumulative effects.24 
Subconcussive injury (microtrauma) refers to events similar 
to those giving rise to concussion, but involving smaller 
impact forces that operate below the threshold necessary to 
produce symptoms. In light of this phenomenon there is also 
growing concern about the extent to which heading in soccer 
is a source of cumulative microtrauma to the brain, an issue 
about which there is uncertainty and ongoing debate.41  
In sum, the figures from the studies cited above attest to 
the likelihood of an overall incidence of concussion of some 
magnitude (given the vast number of participants in these 
sports).  The implications of this require careful evaluation on 
both the individual and societal levels.
neuropsychological consequences of MTBI in con-
tact sport
In recent years there has been growing concern regarding 
the extent of neuropsychological (cognitive, emotional and 
behavioural) changes that are known to occur in association 
with MTBI, and their implications. More immediate acute se-
quelae typically resolve within 3 months post-injury, and ef-
fects that persist for longer than this are viewed as relatively 
intractable (i.e. chronic).39 Sequelae of traumatic brain injury 
(TBI), including MTBI, are non-specific in nature, and may 
include a number of symptoms varying in degree of severity 
depending on differential features of the injury (seriousness 
and location of the injury, and whether in the acute or chronic 
phase post-injury), all in interaction with the neurological and 
psychiatric predisposition of the injured individual.   Typically 
following MTBI, cognitive effects identified on the basis of 
objective testing include dysfunction in memory, learning and 
processing speed, implicating fronto-temporal involvement.26 
Emotional and behavioural effects described are headache, 
dizziness, blurred vision, anxiety, depression, sleep distur-
bance, noise and light sensitivity, fatigue, and a cluster of 
symptoms that implicate frontal lobe involvement, including 
distractibility, impulsivity, disinhibition, argumentativeness, 
irritability, aggression, impaired judgment, general psycho-
social dysfunction, executive dysfunction, and lowered self-
motivation.16,26,39
In both the acute and chronic conditions such sequelae 
may be marked, or they may be subtle yet perniciously 
present, only becoming apparent under stressful conditions 
or increased task challenge.12  A model of cognitive reserve 
has been proposed by researchers to account for the 
inconsistencies and variability amongst individuals who 
sustain TBIs with similar levels of severity but where the 
outcome is different.43 In terms of this model, individuals who 
are most vulnerable to the deleterious effects of MTBI will 
be those who start off with reduced cerebral capacity due 
to factors such as a prior learning disability, low IQ, prior 
psychiatric disorder, and prior neurological damage including 
a prior head injury. Accordingly, research reveals that the 
majority of individuals will not reveal any clinically detectable 
permanent disability following a single MBTI.39  
However, it is generally accepted that a substantial 
proportion of around 10 - 30% of such individuals do sustain 
chronic disability, particularly those with prior vulnerability 
such as cognitive or psychiatric disability, a factor that MTBI 
researchers increasingly urge should not be downplayed or 
overlooked.39,40 These researchers emphasise the potential 
for type II error in group MTBI research (false-negatives), 
due to the confounding element of a substantial proportion 
of spared individuals in the cohort who serve to obscure 
the deleterious clinical picture for the relatively few who 
are significantly affected. Further, in keeping with cognitive 
reserve theory, it was already apparent from an early seminal 
study that individuals with the additive effect of cumulative 
mild brain injury do reveal detectable neuropsychological 
disability on a long-term basis.17 In support of this there has 
been a gathering weight of research across the spectrum 
of contact sports that points to permanent neurocognitive 
deficits demonstrated on objective testing, or symptomatic 
dysfunction based on self-reports, in players of these sports 
including soccer50, Australian Rules football,10 American 
football22, and Rugby Union.45 Consistently, reviews point 
to problems being more pronounced in professional and 
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older players with longer and/or more intensive exposure 
to the sport.2,45 Enhanced deficits in these older athletes 
is commensurate with cognitive reserve threshold theory, 
where the additive effect of repeated brain insults over a 
longer period of time has the effect of increasing vulnerability 
to symptom presentation.  
In addition to length of exposure, it is of note that genetic 
vulnerability plays a role in the development of chronic 
traumatic brain damage.  Research indicates that cognitive 
decline is more pronounced in older football players who carry 
the apolipoprotein e4 allele genotype.25 Commensurate with 
the cognitive reserve threshold model,43  this study highlights 
the potential for significant individual variability in symptom 
presentation that may occur in additive fashion, depending 
on the presence or absence of this genetic factor, as well as 
the variety of other risk factors described above, including 
the presence of prior MTBI in itself.
Methodological evaluation of sports MTBI re-
search
For the most part sports MTBI studies that have compared 
sports groups with non-contact sports controls, have provid-
ed affirmation for the presence of deleterious effects in the 
target contact sport group.  However, methodological criti-
cism has been levied at some studies which have indicated 
that heading may be associated with deleterious effects, with 
the implication that outcome from these studies is only cau-
tiously indicative of such effects.41 In particular, criticism has 
been raised around the frequently cited soccer studies of 
Matser and colleagues,30,31 on the grounds of alcohol use be-
ing a potentially confounding factor in the soccer group, and 
the use of multiple measures without making the appropriate 
adjustments for type I error (finding significance purely by 
chance).  However, a response to this criticism indicates that 
the issue raised in respect of alcohol was not justified, and an 
adjustment for type I error was made in Matser’s second 1999 
study by implementing more stringent significance levels.31,32 
Further, a number of significant strengths were in evidence 
for this study, including strict control for level of education 
and the inclusion of sports-active controls. A number of other 
studies that point to neuropsychological compromise in the 
contact sports groups41,45 similarly demonstrate methodolog-
ical strengths, including control for education, IQ and gender, 
the incorporation of a sports-active control group, and the 
inclusion of overall incidence of concussion as a variable. 
In contrast to multiple studies attesting to problems 
attributable to MTBI in contact sports groups (exemplified 
by those isolated for citation above), the present authors 
identified only 4 studies of comparative sports groups that 
did not support such deficits.3,20,38,48 However, all of these 
studies demonstrate substantive methodological limitations, 
and therefore do not provide convincing counterbalancing 
evidence to refute the presence of deleterious effects affirmed 
in the other studies.  For example, two of these studies had 
no control for IQ, but in addition they used mixed male and 
female participants in their studies, constituting a serious 
confounding factor3,20 (see discussion below on differential 
gender effects).  The other two studies had very small 
subgroup numbers (mainly in the low to mid 20s) and were 
therefore prone to type II error (failing to find significance 
when it does exist).38,48 Moreover one of these studies48 was 
on very young athletes (aged 13 - 16 years), and in terms 
of the cognitive reserve threshold model, any problems in 
this cohort could be expected to be very subtle and in some 
cases subclinical.  
Several of the studies cited above that are in support of 
deleterious effects due to participation in a contact sport, 
also have small subgroup sample numbers.  However, 
small cohorts are mainly a limiting factor for studies that 
fail to demonstrate significant differences, due to the 
associated loss of statistical power that may result in failure 
of an investigation to reveal meaningful changes. In contrast, 
relatively well-controlled studies that demonstrate statistically 
significant differences in the hypothesised direction, in spite 
of small sample numbers, gain potency with the implication 
that larger sample numbers would be likely to reveal even 
more marked effects.
Studies that have investigated neuropsychological 
effects within a sports cohort in terms of number of reported 
concussions (rather than contact versus non-contact groups), 
also predominantly demonstrate long-term cognitive or 
symptomatic deficit in association with increasing numbers 
of concussions,22,24 although there are a number of studies 
that do not do so.21,28 On examination, however, all those 
studies with negative findings reveal methodological 
problems in that usually there is limited control for age, 
education, IQ or gender, or all four of these potentially 
confounding variables. Furthermore, no concussion-based 
studies with negative findings identified by the authors had 
any non-contact sport-control group. Consequently all have 
the inherent confounding variable of unreported concussive 
or subconcussive episodes that may be present in the so-
called zero concussion subgroups.  This makes these 
studies particularly susceptible to type II error, and in order 
to establish differences they would need to have provided 
more strongly contrasting concussion groups. Accordingly, 
deleterious effects are supported on subgroups with 3+ 
concussions,22 whereas those with negative findings have 
tended to investigate subgroups with a ceiling of only 1 or 2 
concussions.21,28
It is problematic that relatively isolated findings of negative 
effects with methodological problems such as outlined above, 
have been used to suggest that players of the targeted 
contact sports groups are safe from deleterious effects of 
multiple concussion.20,28 Findings such as these, which go 
against hypothetical expectations on theoretical and empirical 
grounds, need to be scrutinised rigorously for risk of type 
II error (false-negative effects), before making premature 
suggestions in respect of falsification of the expected effects.46 
Another interpretive error that has occurred in the literature, 
has been to cite results of studies on post-injury follow-up of 
concussed players demonstrating return to baseline levels 
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on cognitive tests, in order to suggest that athletes do not 
sustain persistent effects.33 However, in the absence of non-
contact sports controls, return to baseline does not rule out 
the possibility that such athletes were impaired prior to the 
latest concussion under investigation, and/or are benefiting 
from practice effects. 
Gender issues
Of the many studies cited above that implicate persistent del-
eterious consequences in association with participation in a 
contact sport, most pertain to male athletes.  Two studies that 
have performed gender analyses on their sports cohorts pro-
vide support for the well-known fact that females and males 
perform differently on a number neurocognitive tests.3,20 Typ-
ically in terms of the literature,26 females outperformed males 
on tests of visuoperceptual functioning3  and there were 
mixed results in terms of gender superiority for memory.3,20 
Two studies were identified that examined neurocognitive ef-
fects within exclusively female sports groups.13,38 One study 
yielded negative findings in relation to heading in soccer for 
both males and females.38 As already indicated above, this 
study comprised small sample numbers thus being prone to 
type II error, therefore not ruling out the presence of heading 
effects for either group. The other study demonstrated vis-
uoperceptual processing speed difficulties for female rugby 
players with concussions,13 suggesting that the established 
female advantage in this area did not protect these athletes 
from acquired decrements in association with rugby-related 
MTBI. 
It appears that only one sports MTBI study has investigated 
symptomatic outcome with stratification for gender.1 This study 
demonstrated that headache was present for both males and 
females, whereas females reported more symptoms of being 
dazed and dizzy and males more symptoms of blurred vision, 
numbness and tingling. In a study on persistent symptomatic 
outcome following MTBI in general, female vulnerability 
to late complaints was demonstrated, supporting findings 
of prior research, and was considered to have a possible 
organic component.7 Overall the gender indications from 
this review are that females have a lower risk of concussive 
injury in sport than males.  Furthermore, neurocognitive and 
symptomatic profiles differ for females compared with males, 
both in sports and more general contexts, and it appears 
that females may be at greater risk than males for persistent 
symptomatic problems post MTBI in general, of probable 
organic aetiology.
Of relevance here, also within the context of cognitive 
reserve threshold theory, is the common finding that female 
gender is a risk factor for Alzheimer’s disease.43 Head 
injury is also a well-substantiated risk factor for Alzheimer’s 
disease.18 Thus an implication from the cognitive reserve 
model is that when sports-related repetitive head injury is 
superimposed on the female brain with inherent pre-existing 
vulnerability to Alzheimer’s disease, in additive fashion, this 
might further enhance the risk of a such a dementia in the 
female population.  On the other hand, a counterbalancing 
protective factor might be that women play less intensively or 
collide at lower velocity than their heavier male counterparts, 
thus sustaining less severe effects. This supposition is 
supported by the literature cited above that confirms female 
concussion rates for elite-level participation in contact sports 
to be around 50% less than for males.8 Accordingly, in view of 
the differential empirical findings for gender (for rate of injury, 
neurocognitive test performance, symptomatic outcome 
and vulnerability factors), it is essential that research 
studies on the effects of concussion in contact sports not be 
investigated in mixed gender groups; rather there should be 
strict stratification for gender.  
Youth and scholastic issues
Concern is being expressed about more immediate as well as 
long-term consequences of sports concussion that may eas-
ily go unacknowledged, and yet may translate into scholastic 
difficulties for the child, adolescent or university student.34 
Cognitively such consequences include impairments in con-
centration, learning, and the ability to process information at 
speed which are known to occur after a MTBI for any period 
from days up to around 3 months.14,26 Examination dates at 
school and university may easily overlap with the continued 
presence of even quite short-term cognitive dysfunction in a 
sport-playing youth, and could make the difference between 
passing and failing in the borderline candidate, or the loss of 
a crucial scholarship for a bright scholar. It has been demon-
strated that such effects may be perniciously subtle and out 
of the conscious awareness of the mildly concussed athlete 
albeit in evidence on objective testing,27 and hence the more 
immediate post-concussion effects (within days and weeks 
of the injury) need to managed with due caution in terms of 
possible deleterious effects on an athlete’s scholarly activi-
ties.
Of relevance for youth-level participation in these sports, 
is that university football players with a history of two or more 
concussions and a learning disability reveal significantly 
worse performance on tests of executive function and speed 
of mental processing than those with a similar history of 
concussions and the absence of a learning disability.9 A 
recent study provides compelling evidence for persistent 
neurocognitive difficulties in a sample of symptom-free 
high school athletes with two or more concussions.34 This 
group was characterised by lower cumulative academic 
grade averages, and it is uncertain whether this was as a 
result of the concussion history, or a characteristic of those 
predisposed to concussion, or a combination of both of 
these factors. Some researchers have emphasised that the 
identified cognitive deficits following sports MTBI are subtle 
and have not as yet been shown to be of consequence in the 
players’ everyday lives.20 Others emphasise how important 
it is that information on the cumulative and long-term effects 
of brain injury be communicated to young sports individuals, 
since a proportion of these individuals will have sustained 
what could be a permanent reduction in brain function prior 
to reaching maturity.15  
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societal implications
Wide participation in contact sport at both youth and adult 
levels translates into very large numbers of individuals ex-
posed to MTBI generally, and calls for an evaluation of pos-
sible consequences that go beyond the individual to the so-
cietal level.   
In particular, the possibility of increasing violence as a 
result of structural brain damage incurred through large-scale 
participation in cerebrally hazardous contact sports appears 
to have been overlooked, although this is an element that 
has been examined in relation to TBI in general.  One-year 
estimates of irritability and temper following severe TBI 
reportedly range from 30% to 70%, and following MTBI from 
5% to 70%.47 One MTBI study showed that of those who 
did not suffer loss of consciousness, 21% presented with 
irritability.47 Accordingly ‘aggression on little or no provocation’ 
is proposed as a research criterion for post-concussive 
syndrome in the Diagnostic and Statistical Manual (DSM-
IV).37 Furthermore, it has been demonstrated that TBI in 
childhood may result in pervasive deficits in self-regulation, 
social and behavioural functioning,16 and frontal lobe damage 
in early life contributes to disability in the areas of insight, 
foresight, social judgement and empathy.36 It appears from 
research that a risk factor for the development of aggressive 
behaviours may include a pre-injury history of irritability and 
aggression.47 There is a high incidence of brain abnormality 
and/or a history of head injury amongst prisoners and people 
displaying antisocial behaviours, and a review of aggressive 
disorders reports that a small study of death-row inmates 
found a 75% history of TBI.47  
Clearly, acquired brain damage identified in association 
with criminals and antisocial individuals would be the result 
of many causes, especially assault and motor vehicle 
accidents, and the intention here is not to suggest that sports 
participation is a predominant contributing factor to crime in 
our society.  However, it is conceivable that for some people 
involved in cerebrally hazardous sports this may constitute a 
contributory effect.  For example, it is probable that there will 
be an exacerbation of prior damage (from causes other than 
sport) in a proportion of individuals, through repeated MTBI 
sustained whilst participating in contact sports. Furthermore, 
those athletes with more aggressive dispositions are the 
ones most likely to be drawn to participate in these relatively 
aggressive sports.  In light of the research cited above on 
risk factors for aggressive behaviour following TBI,47 these 
same individuals would constitute a subset susceptible to 
exacerbated aggressive tendencies, in association with 
damage to frontal systems that  typically accompanies the 
concussive MTBI. Preliminary support has been gained for this 
supposition from studies on Rugby Union, where symptoms 
of ‘argumentativeness’ and ‘aggression’ differentiated rugby 
groups from non-contact sport controls more robustly than any 
other symptom.45 This may be a reflection of the rugby players 
being constitutionally more aggressive than the non-contact 
sports controls.  However, the pervasiveness of this effect 
implies that there is an overlay of acquired argumentative/ 
aggressive traits due to repeated concussive incidents for a 
proportion of the rugby players in these studies.  
In sum, on a societal level it would appear logical to 
expect increased aggressive tendencies in association with 
repetitive sports MTBI in a proportion of athletes, and this 
may be a silent contributing factor to antisocial behaviour 
and criminal activity in society. Further, exposure to repeated 
concussion has the potential to diminish brain power amongst 
the sector of our talented and not-so-talented youth who 
participate in these sports. Finally, due to increased risk of 
Alzheimer’s disease following head injury, the extent to which 
sports-related concussion may contribute to increased risk in 
this regard especially for females is a matter of concern, and 
in need of further research.  Epidemiological and longitudinal 
case-based studies are needed to substantiate the role 
of cerebrally hazardous sports in the development of the 
deleterious cognitive and behavioural changes described 
here, that may impact on an individual’s scholastic or social 
life, or increase susceptibility to cognitive deterioration with 
aging.
Conclusion
In conclusion, the neuropsychological perspective presented 
here reveals concerns for deleterious effects on athletes in 
association with participation in contact sports, in the face of 
which health professionals can no longer afford to sit on the 
fence.  There is growing evidence from research to support 
persistent problems in association with cumulative MTBI in 
association with the rugby football sports, at youth and adult 
levels. Studies identified that are in opposition to this are in 
the minority, and have methodological limitations including a 
high risk for type II error (false-negative results) that preclude 
any firm interpretations about the field contact sports being 
safe.    
In this situation, movement in the direction of the following 
actions would appear appropriate: (i) participation in the 
contact sports should occur only after properly informed 
consent has been given, especially in the case of children 
and adolescents, thereby providing an educative function 
and medico-legal protection to the sports body involved; 
(ii) comprehensive monitoring of every sports concussion 
case on an individualised basis should be implemented 
according to the consensus opinion arising out of the 
recent concussion management symposia, that discredits 
generalised management guidelines based on relatively 
arbitrary cut-off criteria;19 (iii) neuropsychological assessment 
should be included as a crucial component of the overall 
management programme, incorporating computer-based 
pre-and post-concussion neurocognitive screening19 (iv) such 
neurocognitive screening should be mandatory in schools that 
promote rugby due to a particularly high risk of concussion 
in the sport; (v) individualised return-to-play decisions, and 
advice on termination of participation in a contact sport, 
should be made with particular caution around vulnerability 
factors for deleterious outcome, such as prior concussions, 
cognitive dysfunction, psychiatric and neurological disability, 
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and persistent aggressive or antisocial tendencies where 
there is little or no provocation; and (vi) in cases where a 
decision on termination is proving to be particularly difficult 
for the athlete, and given available financial resources, 
consideration might even be given to investigation for the 
presence of the  apolipoprotein e4 allele genotype.
 For best practice in the implementation of such return-
to-play and termination decisions using computerised 
psychometric instruments, registered psychologists with 
training in clinical neuropsychology are called for, and have 
an important complementary role to play.19,29 Specialist 
skills in psychometric test usage, brain-behaviour relations 
and psychiatric diagnosis, enables them to conduct a 
differentiated evaluation of an athlete’s post-concussive 
cognitive, emotional and behavioural status. The ease with 
which the computer-based test profiles can be transmitted 
by e-mail greatly facilitates the doctor-psychologist liaison 
necessary for widespread sports concussion services 
to occur at the highest professional level in a relatively 
cost-effective manner. Nevertheless, substantial health-
related funding will be needed to implement optimal 
concussion management amongst sports populations that 
are economically disadvantaged, such as pertains to large 
numbers of individuals in a country such as South Africa. 
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